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+LJK LQWHQVLW\ IRFXVHG XOWUDVRXQG +,)8 LV WKH RQO\
WUHDWPHQW WKDW FDQ EH FRPSOHWHO\ QRQLQYDVLYH DEODWLRQ ,Q
FRQWUDVWWRLRQL]LQJUDGLDWLRQ+,)8WUHDWPHQWFDQEHJLYHQ
PRUHWKDQRQFHDVWKHUHLVQRXSSHUOLPLWRIWLVVXHWROHUDQFH
WR UHSHDWHG XOWUDVRXQG H[SRVXUH >@ :KHQ WKH XOWUDVRXQG
EHDP SDVV WKURXJK WKH WLVVXH LW ZLOO JHQHUDWH HQHUJ\ DQG
SDUW RI WKH HQHUJ\ ZLOO WXUQ LQWR KHDW  8QGHU QRUPDO
FLUFXPVWDQFHV WKH KHDWZLOO EH GLVVLSDWLQJ TXLFNO\ %XW LI
WKH KHDWLQJ UDWH TXLFNHU WKDQ WKH FRROLQJ UDWH ORFDO
WHPSHUDWXUH ZLOO ULVH  7KHUPDO WR[LFLW\ ZLOO KDSSHQ ZKHQ
WKHWHPSHUDWXUHXSWRe&8VLQJ+,)8WHFKQRORJ\WKH
WHPSHUDWXUH ZLOO ULVH UDSLGO\ DW WKH IRFDO SRLQW DW DURXQG
e& >@ 8QGHU WKLV VLWXDWLRQ HYHQ VKRUWHVW XOWUDVRXQG
H[SRVXUHVFDQPDNHWKHFHOOVGHDWKHIIHFWLYHO\7KHUHLVDQ
DSSDUHQWO\WHPSHUDWXUHJUDGLHQWEHWZHHQWKHIRFDOSRLQWDQG
VXUURXQGLQJ WLVVXH ZKLFK LV GHILQHG E\ WKH ERXQGDU\
EHWZHHQ WKH QRUPDO FHOOV DQG OHVLRQ FHOOV LQ KLVWRORJ\ >@
+,)8 WUHDWPHQW LV FXUUHQWO\ XVHG LQ PDQ\ GLIIHUHQW DUHD
HVSHFLDOO\ EHQLJQ DQGPDOLJQDQW GLVHDVHV DOVR RWKHU NLQGV
RIWUHDWPHQW OLNHXWHULQHOHLRP\RPD>@ DGHQRP\RVLV>@
DEGRPLQDO OLSRVXFWLRQ>@SDQFUHDWLFFDQFHU>@7KHDELOLW\
WR FDXVH FHOO GHDWK LQ D YROXPH RI WLVVXH GLVWDQW IURP WKH
XOWUDVRXQG VRXUFH PDNHV +,)8 DQ DWWUDFWLYH RSWLRQ IRU
GHYHORSPHQWDVDQRQLQYDVLYHVXUJLFDOWRRO

2SWLFDO FRKHUHQFH WRPRJUDSK\ 2&7 LV NLQG RI QRQ
LQYDVLYH LPDJHPHWKRG WRSURYLGH WKH VWUXFWXUH LQIRUPDWLRQ
LQVLGH WKH ELRORJLFDO WLVVXH >@ &RPSDUHV WR WUDGLWLRQDO
XOWUDVRXQG PRQLWRU PHWKRG DQG 05, 2&7 JRW KLJKHU
UHVROXWLRQ DQG QR UHTXLUHPHQW RI FRQWDFW >@>@ DOVR QR
FRXSOLQJPHGLXPUHTXLUHG'LPDJLQJDOVRFDQEHSURYLGHG
E\2&7V\VWHP>@
7KLVUHVHDUFKFRPELQHVWZRSDUWV+,)8WUHDWPHQW
ZLWKWKHWUDQVGXFHUZRUNLQJDWKLJKHQHUJ\OHYHO
WUHDWPHQWHIIHFWPRQLWRUHGE\XVLQJ2&7V\VWHP,QWKLV
UHVHDUFKH[YLYRERYLQHOLYHUWLVVXHDQGH[YLYRFKLFNHQ
EUHDVWZHUHWUHDWHGDWWKHVDPHHQHUJ\OHYHOIRUGLIIHUHQW
WLPHVVVVVVUHVSHFWLYHO\'XULQJWKH
WUHDWPHQW2&7ZDVSHUIRUPHGRQWKHOHVLRQDUHDRIWKH
VDPSOHWRPRQLWRUWKHHIIHFWRIWUHDWPHQW7KHOHVLRQDUHDFDQ
EHHYDOXDWHGE\WKH2&7UHVXOWVDVZHOODVWKHLQWHQVLW\GDWD
EDVHGRQWKHVWUXFWXUHLPDJH

,, 0$7(5,$/$1'0(7+2'6
$ +,)8WUDQVGXFHU
$FXVWRPL]HGVLQJOHHOHPHQW+,)8WUDQVGXFHUKDVEHHQ
XVHGLQWKLVVWXG\IRUWKHWUHDWPHQWDW0+]ZKLFKLV
SURGXFHGE\&KRQJTLQJ+,)8FRPSDQ\LQ&KLQD
© 2019 IEEE. Personal use of this material is permitted. Permission from 
IEEE must be obtained for all other uses, in any current or future media, 
including reprinting/republishing this material for advertising or 
promotional purposes, creating new collective works, for resale or 
redistribution to servers or lists, or reuse of any copyrighted component of 
this work in other works
Author Accepted Manuscript. Final version available at 2018 IEEE International Ultrasonics Symposium, IUS 2018 DOI: 10.1109/ULTSYM.2018.8580216
 

)LJ+,)8WUDQVGXFHUPDGHE\&KRQJTLQJ+$,)8FRPSDQ\

$FRXVWLFSRZHUPDSSLQJWHVWDQGUDGLDWLRQIRUFHEDODQFHWHVW
KDGEHHQILQLVKHGEHIRUHWKHH[SHULPHQWZKLFKDUHHVVHQWLDO
IDFWRUV WR FKDUDFWHUL]H WKH WUDQVGXFHU 'LDPHWHU RI WKH
WUDQVGXFHU LV PP IRFDO OHQJWK LV DURXQG PP7KH
WUDQVGXFHULVDWWDFKHGWRWKHFRD[LDOFDEOHWKHQFRQQHFWHGWR
WKH %1& FRQQHFWRU WR WKH GULYLQJ VLJQDO JHQHUDWRU 7KH
FXVWRPL]HG WUDQVGXFHU FDQ EH VHHQ LQ )LJ ZLWK WKH RXWHU
FDVH

% 2SWLFDO&RKHUHQFH7RPRJUDSK\6\VWHP
,QWKLVVWXG\DVSHFWUDOGRPDLQ2&7V\VWHPZDVXVHGWR
PRQLWRUWKHFKDQJHRIGLIIHUHQWELRORJLFDOWLVVXHRSWLFDO
SURSHUW\GXULQJ+,)8WUHDWPHQW7KHGHSWKRIGHWHFWLRQLV
DURXQGPPZKLFKLVVXLWDEOHIRUGHWHFWWKHRSWLFDOSURSHUW\
FKDQJHRIVXSHUILFLDOSDUW
7KH6'2&7V\VWHPPDLQO\LQFOXGHILYHSDUWVEURDGEDQG
ODVHUVRXUFHVWDWLRQDU\UHIHUHQFHDUPIOH[LEOHVDPSOHDUP
FRQWUROOHGE\'VFDQQLQJV\VWHPEHDPVSOLWWHU
KLJKVSHHGVSHFWURPHWHUFDPHUD)LJVKRZVWKH6'2&7
V\VWHPDVZHOODVWKH+,)8WUDQVGXFHU%DVLFDOO\WKHOLJKW
EHDPHPLWWHGIURPWKHOLJKWVRXUFHDQGGLYLGHGLQWRWZR
EHDPVDIWHUJRWKURXJKWKHEHDPVSOLWWHU2QHRIWKHEHDPV
JRLQWRWKHVDPSOHDUPDQGWKHRWKHUJRLQWRWKHUHIHUHQFH
DUP7KHVDPSOHDUPJXLGHVWKHEHDPRQWRWKHVDPSOH
VXUIDFHDQGWKHEDFNVFDWWHUHGOLJKWIURPWKHVDPSOHVXUIDFH
LQWHUIHUHVZLWKWKHOLJKWUHIOHFWHGIURPWKHUHIHUHQFHPLUURULQ
WKHFLUFXODWRU7KHLQWHUIHUHQFHEHDPLVUHFRUGHGE\WKHOLQH
VFDQ&&'FDPHUD7KHEURDGEDQGODVHUJRWQPFHQWUDO
ZDYHOHQJWKQPEDQGZLGWKDQGP:SRZHU7KHKLJK
VSHHGVSHFWURPHWHULVDOLQHVFDQ&&'FDPHUDZKLFKKDV
N+]VDPSOLQJIUHTXHQF\DQGVH[SRVXUHWLPH
7KHV\VWHPSURYLGHVD[LDODQGODWHUDOVSDWLDOUHVROXWLRQDW
PDQGPUHVSHFWLYHO\
& 6DPSOH6HOHFWLRQ
7KH([YLYRERYLQH OLYHU WLVVXHˈH[YLYRFKLFNHQEUHDVW
DUH SXUFKDVHG IURP D ORFDO IDUP WR PDNH VXUH WKHP IUHVK
%RWKRIWKHPQHHGWRGHJDVVHGILUVWE\XVLQJDYDFXXPSXPS
EHIRUHWKH+,)8WUHDWPHQWLQRUGHUWRGHFUHDVHWKHLQIOXHQFH
RI FDYLWDWLRQ $IWHU GHJDVVHG SXW DOO WKH VDPSOHV LQWR
GLVWLOOHGZDWHUWRNHHSLWIUHVK8QGHUHDFKWUHDWPHQWWLPH
VDPSOHVKDVEHHQWHVWHG$OOWKHVDPSOHVKDVEHHQFXWWHG LQ
WRVTXDUHVKDSHDVPPPPPP


)LJ6'2&7V\VWHPFRPELQHZLWKWKH+,)8WUDQVGXFHUVHWXS

'([SHULPHQWDO6HWXS

+,)8 WUDQVGXFHUKDVEHHQSXWXQGHU WKH VDPSOHVDQG WKH
IUDPH FUHDWHG IRU WKH WUDQVGXFHU FDQ PDNH VXUH WKH IRFDO
SRLQWZDVVKRZHGRQ WKHVXSHUILFLDOSDUWRI WKHWHVWVDPSOH
3XW VRPH XOWUDVRXQG JHO RQ WKH VXUIDFH RI WKH VDPSOH WR
HQVXUH XOWUDVRXQG SURSDJDWLRQ 7KHQ FRQQHFW WR VLJQDO
JHQHUDWRU DQG SRZHU DPSOLILHU ZKLFK VXSSRUW VXFK KLJK
IUHTXHQF\ WUDQVGXFHU 6HW XS IRU WKH VLJQDO JHQHUDWRU ZDV
P9SS FRQWLQXRXV VLQH ZDYH XQGHU 0+] ZRUNLQJ
IUHTXHQF\ 7KH 6'2&7 V\VWHP ZDV ZRUNLQJ DERYH WKH
VDPSOHWRPRQLWRUWKHVDPSOHRSWLFDOSURSHUW\FKDQJHGXULQJ
+,)8WUHDWPHQW

,,, 5(68/76 

$IWHU +,)8 WUHDWPHQW GLIIHUHQW VL]H RI WKH OHVLRQ DUHD
IROORZHGE\GLIIHUHQWWUHDWPHQWWLPHFDQEHVHHQYHU\FOHDUO\
$VWKHWUHDWPHQWWLPHLQFUHDVHWKHOHVLRQVL]HLQFUHDVH$OVR
2&7V\VWHPVKRZVJRRGUHVXOWVDW WKH VDPH WLPH VWUXFWXUH
LPDJHV RI H[YLYR ERYLQH OLYHU WLVVXH VKRZQ LQ )LJ 7KH
ERXQGDU\ RI OHVLRQ DUHD DQG VXUURXQGLQJ KHDOWK\ WLVVXH LV
HDV\WRWHOOZKLFKPHDQVWKH+,)8WUHDWPHQWFDQSRVLWRQWKH
OHVLRQ ORFDWLRQ DFFXUDWHO\ 8QGHU 2&7 PRQLWRUHG WKH
VWUXFWXUH LPDJHJRW KLJKHU DFFXUDF\ FRPSDUHVRWKHU FXUUHQW
PRQLWRUHGPHWKRG



7DEOH/LJKWLQWHQVLV\RIERYLQHOLYHUDQGFKLFNHQEUHDVW


Treatment 
Time(s) 
Light Intensity (bovine liver/chicken 
breast) 
Mean STD 
5 702.6358/1048.1 56.1126/124.6044 
10 710.4934/1324.8 65.4343/302.0443 
15 1159.6/1325.6 121.8220/399.9871 
20 1565.5/1439.9 228.1320/481.4791 
25 2016.7/1469.8 233.9386/151.8502 
30 2435.1/1781.1 344.6926/196.1190 
6WUXFWXUH LPDJHVRIH[YLYRFKLFNHQEUHDVW WLVVXHVKRZQ
LQ)LJ&RPSDUHVWRH[YLYRERYLQHOLYHUOHVLRQDUHDLVQRW
TXLWH FOHDU 'XH WR WKH LQGLYLGXDO GLIIHUHQW VWUXFWXUH RI
GLIIHUHQWVDPSOHVWKHVL]HRIWKHOHVLRQLVQRWWKHVDPHXQGHU
VDPHHQHUJ\7KHELRORJLFDOVWUXFWXUHRIERYLQHOLYHULVTXLWH
VPRRWKEXWWKHFKLFNHQEUHDVWLVILEURXVVRFRPSDUHVWRH[
YLYRFKLFNHQEUHDVWWKHVKDSHRIWKHOHVLRQLVPRUHUHJXODULQ
WKHERYLQHOLYHU

$OVR WKH OHVLRQ VL]H RI FKLFNHQ EUHDVW LV D OLWWOH ELW
VPDOOHU WKDQ WKH ERYLQH OLYHU $W WKH HQG RI WKH WUHDWPHQW
XVHGWKHUPDOVHQVRUWRVLPSO\PHDVXUHWKHWHPSHUDWXUHRIWKH
OHVLRQERYLQHOLYHUZDVKLJKHUWKDQFKLFNHQEUHDVWJHQHUDOO\
ZKLFKVKRXOGDOVRGXHWRWKHILEURXVVWUXFWXUHRIWKHFKLFNHQ
EUHDVW)RUWKHOLJKWLQWHQVLW\ERYLQHOLYHULVDOVRKLJKHUWKDQ
WKHFKLFNHQEUHDVW

)URP7DEOH LW FOHDUO\ VKRZV WKDW WKH OLJKW LQWHQVLW\ LV
LQFUHDVHG E\ WKH WUHDWPHQW WLPH ZKLFKPDWFK WKH VWUXFWXUH
LPDJHDQGWKH+,)8GRVH7KHVL]HRIOHVLRQDUHDRIH[YLYR
ERYLQHOLYHULVDURXQGPPaPPaPP
aPPaPPaPPIRUVVVV
VDQGV+,)8WUHDWPHQWUHVSHFWLYHO\7KHVL]HRIOHVLRQ
DUHDRIH[YLYRFKLFNHQEUHDVW LVDURXQGPPa
PPaPPaPPaPPaPP
IRU V V V V V DQG V +,)8 WUHDWPHQW
UHVSHFWLYHO\

'XULQJ WKH +,)8 WUHDWPHQW FKDQJHV RI WKH VWUXFWXUH
LPDJH ZDV UHDOWLPH UHFRUG E\ WKH VFUHHQ UHFRUGHU )LJ
VKRZV WKH VWUXFWXUH FKDQJHV XQGHU V WUHDWPHQW DW HDFK
VHFRQG )URP WKH ILJXUHV LW LV TXLWH FOHDU WR VHH WKH
GLIIHUHQFHRIWKHRSWLFDOSURSHUW\EHWZHHQHDFKVHFRQG7KLV
SURYHV WKDW 2&7 LV DQ HIIHFWLYH PHWKRG WR PRQLWRU WKH
WUHDWPHQW



)LJ6WUXFWXUHLPDJHRIH[YLYRERYLQHOLYHU






)LJ6WUXFWXUHLPDJHRIH[YLYRFKLFNHQEUHDVW

,9 ',6&866,21$1'&21&/86,21

7KLV VWXG\ H[SORUHG WKH IHDVLELOLW\ RI XVLQJ 2&7 WR
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